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ABSTRACT 

that encourage students to discover science interests and science 
talent. Six interrelated constructs are discussed. Construct 1 
consists of a skein of achievement-centered, goal-targeted 
environments that comprise the inspiring teaching and learning that 
can enhance the endowments of students. Construct 2 presents studies 
of unfavorable environments that block the goals of equal 
opportunity, optimum achievement in science, and the discovery of 
science proneness or talent. Construct 3 involves elements of formal 
learning in augmenting environments, focusing on instruction as an 
event evoking early discovery through self-identification of gifted 
children with a particular bent to science. Construct 4 presents a 
curricular structure for facilitating augmenting environments and a 
system for discovery and self-selection of all students for 
differentiated, sustainable futures in today’s pos t indus t r i al world. 
Construct 5 suggests a mode by which students identify and select 
themselves to participate in differentiated programs of demanding 
study culminating in long-term originative inquiry. Construct 6 
discusses science talent in practice and provides an operational 
definition of science talent. An executive summary is provided. 
Appendices include a list of effective science programs for students 
grades K-12 and a sample structure for science in elementary schools. 
(Contains approximately 280 references.) (Author/CR) 
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ABSTRACT 



Six interrelated constructs form the body of this study. 

The first is built upon researches and studies that lead to a preliminary conception of 
an ecology of achievement: It describes a skein of achievement-centered, goal-targeted 
environments that do — or should — comprise the inspiring teaching and learning that can 
enhance the endowments of the young. 

The second presents studies of unfavorable environments that block the goals of 
equal opportunity, optimum achievement in science, and the discovery of science 
proneness or talent These unfriendly ecologies have contributed to a fall-off in the general 
science pool deemed necessary to maintain equitable achievement in the present 
postindustrial era. 

The third comprises elements of formal learning in augmenting environments 
focusing on instruction as an event evoking early discovery through self-identification of 
gifted children with a particular bent (or proneness) to science. 

The fourth is based in the conviction that curriculum and instruction are distinct but 
related fields within present models of instructed learning. It sees curriculum as serving as 
content within an open, facilitating structure, and instruction as a passport to activities 
enabling early self-identification. It provides a system for discovery and self-selection of 
all young for differentiated, sustainable futures in today's postindustrial world. Such a 
design would enable the young to demonstrate their powers in pursuit of their individual 
excellence. In short, instructional and curricular innovation combined as instructed 
learning constitutes a system of self-identification and discovery of early science proneness 
in its stage-shift to developing science talent. 

The fifth exemplifies curriculum and instruction, focused in special aptitudes and 
abilities, relevant to science proneness as precursor to self-identification of a science talent 
This goal depends on an augmenting environment differentiated in instruction and 
learning, which provides open opportunity for originative inquiry resulting in a creative act 
The latter criterion sample is a work, which expresses science talent (An empirical 
evaluation establishes the validation of this approach as a specific criterion for self- 
discovery of science talent) 

The sixth concerns science talent in practice. It describes a skein of discoveries, 
one leading to another, and concludes with a definition of science talent. 
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Science Talent in the Young Expressed Within 
Ecologies of Achievement 

Paul F. Brandwein, Ph.D. 
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EXECUTIVE SUMMARY 



Introduction 

This study was undertaken to attempt to define some of the educational ecosystems 
that encourage the young to discover, first, proneness toward science and, then, if they 
choose, to begin actively to express that interest through science talent It defines 
"education" in the manner of Bailyn (1960) and Cremin (1980, 1990) as being made much 
more than schooling, which is but an exceedingly important part of the ecology. The 
ecology of education comprises three intereffective ecosystems — that of the family-school- 
community, the culture, and the postsecondary systems. When these three ecosystems 
interact harmoniously, they form an ecology of achievement that offers all the young 
opportunity for their special endowments — both intellective and nonintellective — to 
flourish. 

While the ecology of achievement is essential to all the young seeking to fulfill their 
individual powers, it has special implications for those students who may eventually decide 
on careers in science or technology. In the preindustrial agricultural world, men and 
women struggled primarily with nature; in industrial society, they worked with machines; 
in "postindustrial" (Bell's term, 1973) society, minds contend with informed minds. In 
this world, literate, numerate, and scientifically productive citizens are profoundly 
necessary. New industries, based in what Schultz (1981) calls "human-made capital," 
concerned with the knowledge and processes coming out of biology, chemistry, physics, 
space, and environmental science, call for inspiring teaching and learning in an educational 
ecology of achievement. 

An observable model of an ecology of education — not an organized nationwide 
educational system — appears to exist in the United States. Although individuals, groups, 
and organizations strive to create such a skein of achievement-centered environments, a 
number of environments limiting achievement and unfavorable to self-discovery of science 
proneness hamper many of the young. It seems necessary, then, to forge programs where 
instructed learning becomes, first and foremost, a system of discovery of abilities through 
achievement, through the self-identification of capabilities by all the young in their 
increasing variety. Envisaged and conceivable are such programs that will validate 
themselves as a means of natural assessment of growth in science talent When 
endowment projects itself in enriched opportunity through doing science, through 
performance, the young will find their own capabilities, learning how to discover for 
themselves and revealing portraits of intellective and nonintellective abilities. Science 
potential may then be discovered or confirmed not only through performance in programs 
in instructed learning, not only from the varieties of evidence gleaned through assessments 
of science proneness and talent, but also — and most importantly — through the originative 
work that is their criterion sample. 



Limiting Environments 



Before proceeding to a consideration of the qualities of environments that enable 
achievement in science and technology, it is necessary to look at the factors that account for 
the crisis that has hampered America's students' success in those fields. In 1983, the 
National Science Teachers Association's yearbook summarized a crisis in instructed 
learning in science. The syndrome of 10 it defined described a state of affairs in science 
education that largely continues. The yearbook's conclusion: "A wide variety of writing 
and reports, current projects, and research converges in a characterization of current science 
as plagued by 10 common recurring problems." [They follow:] 

1 . The textbook is the curriculum. 

2. Goals are narrowly defined. 

3 . The lecture is the major form of instruction, with laboratories for verification. 

4. Success is evaluated in traditional ways. 

5. Science appears removed from the world outside the classroom. 

6. A shortage of science and mathematics teachers has led to the widespread 
use of un- and underqualified teachers. 

7 . The outdated curriculum neglects the needs and interests of most students. 

8 . Current science instruction ignores new information about how people learn 
science. 

9. Supplies, equipment, and other resource materials are severely limited or 
obsolete in most science classrooms and laboratories. 

10. Science content in the elementary schools is nearly nonexistent. (National 
Science Teachers Association, 1983, pp. 4-11 with supporting descriptions) 

In teaching and learning, what is not open to children early on may be closed to 
them later. And science talent is both a general category and an amalgam of personal traits 
and abilities focused in specific fields. While giftedness is general, talent comprises the 
specific aptitudes required for the subsets of a field. Individuals with various talents and 
exceptional competence can begin to make significant career choices even during precollege 
and freshman years. 

Perhaps, the family-school-community, college-university, and cultural ecosystems 
would contribute to the brilliance of the world if, in their interconnectedness, they would 
lend their collaborative resources to all young who aspire and are capable of achieving. 
Then, students who acquire the trained intelligence — in whatever capacity — desiring to 
enter the sciences prized in the United States would fulfill their powers in the pursuit of 
excellence. And, as they shaped their own opportunities, they would begin to define their 
self-concepts as well. They would know, from the beginning, that the massive 
achievements characterizing scientific research generally result from the works of scientists 
in all categories: From artisan to novice to eminent scientist 

The mutualism of the three human ecosystems acting intereffectively within an 
ecology of education, is, however, not a matter of course. Because they exist within a total 
framework, their interaction is generally not mandated but lies within the sphere of choice, 
except when a specific function is dictated by law. No matter; their acts in support or 
neglect affect the totality of American education within an ecology of achievement. 

Nothing in this study calls for a curricular and instructional experience composed of 
a stable set of experiences to fit all abilities and predispositions, thus attempting to ensure a 
steady progression through the grades. Quite the opposite, this study presses the invention 
of programs that encourage differences in expression and performance, and the inclination 
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to seek special excellences and worthwhileness through a family-school-community 
program. In this sense, the limiting ecologies discussed here can stand in the path of the 
expression or attainment of desired abilities. 

When barriers, such as limitations in instruction as summarized in the syndrome of 
10, inadequately prepared teachers, and inadequate funding, combine with other factors to 
prevent the creation of an ecology of achievement, the results can be serious. Their 
consequences in the wide educational environment — especially the socioeconomic 
conditions affecting home, family, school, and community — can contribute to a reduced 
supply, first of young with interest in science and then of scientists and artisans. 

Women and minorities, though making some headway currently, are particularly 
affected. The fall-off continues through misuse of what the Govemment-University- 
Industry Research Roundtable called the "weed and seed" approach in many of the nation's 
college-university ecosystems (1987). The National Science Foundation, along with other 
institutions concerned with the fullest representation of contributors in science, finds the 
origin of the present underrepresentation in early schooling, particularly in inadequate 
preparation in science and mathematics. 

Granting that some young take the challenge of limitation and overcome it, research 
emphasizes that supporting environments, particularly those from early childhood through 
the grade school years, are generally necessary to prepare the young for the course they 
take in securing competence and performance. 

This study aims to define an environment in schooling and education designed to 
encourage self-identification and self-selection of science prone and science talented young. 
This ideal was and is a necessary intervention (or invention), since the ecologies of both 
school and culture intereffect the development of abilities and predispositions, thus 
attempting to ensure a steady progression through the grades. 

An ecology of achievement allows the intermeshing relationship of heredity and 
environment to encourage the full, direct expression of talent, whether in science or in 
another area of value in human and humane prospect First, however, these data give rise 
to certain important assumptions. They follow: 

1 . Almost all American and foreign immigrant young who will become 
scientists in the 21st century are presently in our schools. 

2 . It is apparent for the present and possibly for the near future that a sufficient 
number of American young are unavailable to fill the need for the scientists 
of the future. Foreign scientists are now being trained here, but there is no 
guarantee that they will not return to their countries of origin. 

3 . The frequent premise that the thrust of practice in curriculum and instruction 
for the science talented should aim at the apex — the research scientist — 
requires reexamination. A visit to almost any research laboratory dispels the 
notion. All competent laboratories prize the contribution of skilled artisans 
and/or technicians. Practices in guidance and during early schooling, as 
well as programs, should be developed for those whose inclination is to 
artisanship. At present, the well-formed American system of community 
colleges makes available opportunities for credentials in a variety of skills. 

4. Stressing achievement and self-concept at the beginning of a career in 
science is as necessary as stressing the history of achievement of the 
eminent The latter holds up a vision of greatness as stimulus, the former, 
the high probability of a worthwhile lifework (however hidden from public 
view) and a significant contribution. 
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This construct’s emphasis on limiting factors brings to mind only half the 
case, only part of a human ecology: The environments that make up this 
ecology are not severable; seeming opposites interpenetrate and, eventually, 
a natural ecology heals itself. In the communicable human ecology, the 
significant factors of materials, energy, and information engage purpose and 
action to introduce enabling environments to offset and replace limitations 
on a productive ecology. 

Enabling, favored environments in intervention and invention may be able to 
neutralize, offset, and replace the limiting environments characteristic of flawed educational 
ecologies. 



Enabling Achievement: An Instructional Approach for Self- 

Identification of Science Proneness 

Here are presented some models of teaching and learning enabling expression of 
leaning toward science in the primary school years: First, through examination of 
theoretical constructs, from which are drawn clues to instructional practices that help to 
identify and define early science proneness; and, second, through study of practices of 
science instruction that encourage children to identify themselves as science prone and 
demonstrate their awareness prior to high school. The clear purpose: To ameliorate, if not 
to annul, the syndrome of 10. 

By casting a wide net for excellence and equity, the family-school-community 
ecosystem can enable the search for and by the young for competence in general or specific 
performance in science. A significant improvement in science teaching may empower a 
larger pool of talent than selection based on IQ alone. 

A model of instruction in science is offered through which children may identify 
themselves as science prone before the talent pool develops. Certain science lessons both 
demonstrate characteristic behaviors of elementary school young in various contexts and 
lead to self-identification of potential. This approach concurs with Havighurst's (1972) 
aim to design programs to meld with the potential of children early and so to increase the 
numbers of them who develop it. 

A curricular-instructional base promoting reciprocal interaction of child and 
environment is essential. (It is, however, important to remember that curriculum is a plan 
for teaching in classroom and laboratory; instruction is what happens in these 
environments, the field, or in independent study [at home or library] that stimulates 
learning through interaction between teacher and student) 

These objectives call for "instructed learning" (Bruner's phrase, 1966). If 
differentiated programs are developed during the course of schooling, gifted young should 
have the opportunity to identify themselves early as science prone. Their path should be 
through personal activity in instructed learning and independent study available in a gifted 
environment, planned in curriculum and instruction that nurture science proneness. 

At this point, formal testing is unnecessary for either self-identification by the 
young or as a means to prejudge their capacity. A number of field observations of the 
young in instructive learning situations in interdependent-independent environments are 
presented. 



The hypothesis is that evocative instruction, consistently stimulating idea-enactive, 
inquiry-oriented behavior in the classroom, laboratory, or in individual work, may be used 
as a mode for the young early to identify in themselves a tendency to science proneness. 
The aim to have the young, if they so choose, do science is and was the essence of the 
idea-enactive, inquiry-oriented approach. And this self-definition may be followed by self- 
selection for further participation in differentiated curricular practice in science and in its 
supportive verbal and mathematical knowledge and skills. Because evidence of self- 
identification and self-selection of science proneness takes careful observation, the teacher 
becomes also a researcher and an interpreter. 

A science curriculum built around conceptual schemes is flexible and responsible to 
children's needs and interests. Such a program, far from being rigid, permits a consistent 
organizing principle, one that encourages incidental learning from the media or in special 
environments. Such a curriculum reflects both the ways of scientists and those of growing 
children as they progress into and retreat from the vastness of their universe. It permits the 
teacher to interpret the child's questions in a manner relevant to the kind of inquiry that 
results in individual activity. 

Equal opportunity opened up through instructed learning may result in a seeming 
paradox: Namely, equality of opportunity may lead to situations where differences in 
expression of abilities appear. Such differentiated self-expressions through early study and 
work may become the first instruments through which peers, teachers, parents, or others 
contemplate differences among students in scope and in interests. These observations may 
lead to a common consent that a certain child may or may not be science prone. 

If idea-enactive, inquiry-oriented teaching as a strategy of instructive learning 
becomes general practice, then, in the revolving-door instructional model (Renzulli, Reis, 

& Smith, 1981), it may become a mode of early self-identification of the young. Their 
individual responses to multiple stimuli may advance a program of self-identification and 
self-selection through performance for the beginnings of a science talent pool. Later, early 
instruction may be modified into more sophisticated experimental procedure and well- 
ordered empiricism in the classroom and laboratory. 

Idea-enactive, inquiry-oriented instruction becomes a first procedure in observing 
the young in early achievement in science. The complex of such behavior plus ability and 
achievement testing can then become part of a cumulative record, which can be compared 
and contrasted with field-specific demonstration of ability in science and mathematics. 
Formal testing per se is not to be the gate to entry into differentiated programs in science 
and mathematics, //"final judgment on selection for differentiated instruction in science and 
math is withheld until late middle school, after the young have had the chance to identify 
themselves for it, and their choice is followed by consistent science-specific works, then 
we have a better picture of in-context potential signaled through performance. 

National, federal, state, and local, nonprofit and proprietary, industrial and 
postsecondary groups are joining America's schools to advance the skills of teachers and 
the quality of instruction for K-12 science and mathematics. The pool of well-schooled and 
educated young may then increase and so too the science prone. 



O 

ERLC 



XV 



13 



Enabling Achievement — A Curricular Approach for Self- 
Identification in Conjunction With Instruction 

Siegler and Kotovsky (1986) posit that "the fit between the individual and the field 
is important for both intellectual and motivational reasons. A superior fit allows the 
individual to learn quickly and deeply the material in the fields" (p. 419). An essential 
element in this "fit," which in turn is necessary to the creation of a significant science talent 
pool, is the function of curriculum and its congruent instructed learning as valid identifiers 
of science talent This study concludes that the science talent pool is incomplete until those 
at promise are assessed through several exemplars. The science prone give evidence of 
two qualities: They early show exceeding competence in acquiring knowledge in a specific 
field, and they early perform excellently demonstrating their powers of originative inquiry 
in a work. Because gifted young can begin to demonstrate heightened capacities in earliest 
schooling, they should be given opportunity to fulfill them in pursuit of excellence. In the 
particular terms of this study, they need a chance to demonstrate their science proneness. 

At present, however, high school is mainly where further expression of science 
proneness and/or talent is empowered. Three major exemplars in the design of augmenting 
high school environments designed for those with promise in science are identifiable: a 
pervasive exemplar, another fast-paced in content, a third based in originative inquiry and 
enriched in acquisition of knowledge. In spite of the efforts of current reformers, most 
high school science programs still follow the traditional, pervasive mode in curriculum and 
approaches to instruction not only in the United States but also in most of the Western 
world. Practiced in different intensities in various high schools, this pervasive mode is 
based in a lecture/prepared laboratory mode with foretold conclusions generally 
accompanied by limited discussion. The lecture-textbook mode remains basic to 
instruction. 

This exemplar held, in most of the observations I made in 600 schools from the 
1930s to the 1980s. It is still the road to the credential to enter college and university as 
well as to graduation from the university. In turn, this credential opens doors to further 
participation of the novice scientist in the originative inquiry that adds to science and 
technology. As the United States tries to make its students "first in the world in 
mathematics and science" (original education goal 4; current goal 5, United States 
Department of Education, 1991), a number of curricular constructs have emerged and are 
emerging. What is new now, however, is instruction not curriculum. If, however, 
changes in design are introduced for the succeeding years of study — in the complexities of 
mathematical treatment, in computer-related inquiry, or by the science prone's compacting 
of subconcepts or using college textbooks in rigorous high school programs — then, the 
curriculum would actually be augmented in content 

In a modified philosophical approach (and, therefore, possibly a changed epistemic 
or axiological emphasis) in curriculum and instruction, these stable conceptual schemes 
(Kuhn’s "paradigms," 1970) remain in context within a newer view predicated by the 
culture. The emphasis on science, technology, and society would offer a different face to 
the curriculum, however. In an overall updated approach to science, the n uan ces of a 
changed philosophy and, thus, a new view of the function of science in culture and society, 
would call for an innovative instructional stance. 

Besides the science, technology, and society curriculums, the American Association 
for the Advancement of Science (1994) is at work on Science for All Americans, revising 
approaches to science K-12. The National Science Teachers Association Scope, Sequence, 
and Coordination (1992) offers a complementary approach for the middle school-high 
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school years. Both these curriculums are influenced by the National Council of Teachers 
of Mathematics' (1991) groundbreaking Standards. And the National Research Council is 
currently writing standards for precollege science. A number of federal initiatives are also 
underway. 

All these approaches to reform furnish at least three clear positions to those who 
frame explicit curricular and instructional designs. 

• First, curriculum and instruction should advance the scientific literacy of the 
young. The imperatives of this issue are stated in clear, unmistakable aims 
and ends. 

• Second, teachers and learners should be involved in activities that join 
science and technology to relevant social issues. In this, the newer 
technologies of science education — calculators, computers, interactive 
videodisks are vital. 

• Third, the needs of various populations of students — namely females and 
underrepresented minorities — often lacking scientific literacy are brought 
into focus. 

All the frameworks stress the idea-enactive, inquiry-oriented mode of teaching and 
learning — postulated here as central to instruction for all young — that enables the science 
prone to identify themselves for advanced study. Particular refinements of course content 
and approaches for the science prone fit readily in fast-paced and originative augmenting 
frameworks. Fast-paced subject matter in elementary school can lead to originative inquiry 
in the high school years. 

My research has shown that precollege science instructional materials, whether 
formed in textbooks, computer programs, or initial inquiry procedures, have been cloned in 
conceptual structure from the curriculum structures (made into textbooks) created by the 
various committees at work during the curriculum reform period (1958-1962). Approaches 
created by scientists and teachers of the Sputnik era still appear in the textbooks of present 
publishers. The additions concern new discoveries and cycles of crises; the rigorous 
treatment has diminished, however. 

This pattern holds K-12, except where videodisk technology and, at times, 
computers and hand-held calculators have been introduced. Future changes in design for 
the science prone may occur in great part by augmentation through the new possibilities of 
integrated mathematics and science made possible through computer-assisted instruction 
and inquiry. Such enrichment could also take place through the compacting of subconcepts 
or through college textbooks used by the science prone in rigorous high school programs. 

In sum: Differentiated programs are necessary for evaluation and identification of 
science prone and science talented young because special curricular and instructional 
devices are favorable to cultivating and evoking desired abilities. Whatever the mode of 
selection of qualified students, their performance in an enabling environment differentiated 
to fit various abilities and skills is the most valuable identifier of future ability in science, 
whether expressed by the scientist or the artisan to be. 

In the case of the science talented, the teacher and students reinvent the curriculum 
as they proceed. The dyad of curriculum and instruction as enabling environments for 
talented young then needs to be as innovative as are the young who will benefit from it. 

For they may change its future form and function. An environment in which the young 
discover for themselves, whether through the guided discovery of teachers or the initiative 
of science prone learners, is part of idea-enactive, inquiry-oriented teaching and learning. 



an approach that counteracts the syndrome of 10 inhibiting enabling curricular and 
instructional practices. Further, the idea-enactive, inquiry-oriented teaching model 
engenders activities that can and do serve as identifiers of science proneness in the young. 

Three inferences follow: 

• First, the structure of curriculum and the mode of instruction in classroom 
and laboratory serve to identify science proneness, an understanding that 
suggests a significant way to increase the science talent pool. 

• Second, the widest net ought to be flung to open opportunity for all young 
in an idea-enactive, inquiry-oriented learning curriculum and instruction. 
This generous cast offers access to equal opportunity for self-identification, 
along with but not exclusively through ability and achievement testing, as 
composite factors for entry into the science Udent pool. 

• Third, Exemplars distinguishing three schools of thought indicate science 
proneness and/or science talent: a) fast-paced instruction (earlier than usual 
exposure to courses) with abilities measured in achievement testing; b) 
originative inquiry as an in-context measure resulting in a work considered 
to be a criterion sample of prospective science talent; c) the pervasive 
exemplar of curriculum and instruction in U.S. high schools, with 
augmenting modes in acceleration and enrichment, scholarships, and 
rewards. 

This last (college-preparatory) model now furnishes most of the cohort composing 
the science talent pool and remains the matrix for present innovations in schooling. The 
fall-off of young with interest in science before graduation from high school and after the 
freshman year of college, however, is a definite cause for concern. 

A newer model suggests itself. It modifies the pervasive exemplar, making 
provision for a differentiated curriculum and mode of instruction suited to the needs of the 
science prone and leading to the expression of science talent. Select science schools are 
increasing in number as are select programs for the science prone in heterogeneous 
schools. 

New frameworks in curriculum, as well as new technologies, are available, but all 
will require modification and augmentation to fit the abilities of the science prone on their 
way to demonstrating talents. New technologies in science education promise certain 
advances in independent study and inquiry-oriented teaching and learning. 

The preparation of present programs, defined by the National Education Goals 
( Building a Nation of Learners, 1991, 1992, 1993, and The National Education Goals 
Report, 1994) and designed to augment abilities in science and mathematics as well as to 
secure an increase in the science talent pool by the turn of the century, is only beginning. 
Noted throughout this study are national and local initiatives calling for an increase in 
resources to support the capital expenditures needed for the teaching of science — as well as 
the need for a full complement of teachers skilled in science and mathematics. 



Enabling Early Self-Identification of Science Talent 

The penultimate section of this study proposes: 



to suggest a mode by which students identify and select themselves to 
participate in differentiated programs of demanding study culminating in 
long-term originative inquiry 

to report observations of the young in the activities of inquiry to identify 
certain correlative behaviors 

to argue that, by submitting their work to examination and external 
evaluation by qualified scientists, students experience the peer review and 
tests of validity to which works in science are traditionally subjected 



This section will also define a working exemplar encompassing these purposes. 
Originating in the late 1930s, this exemplar has gained support through usage and has 
accumulated a weight of evidence through constant evaluation. Study of this exemplar’s 
analysis, synthesis, observations, and findings supports recent theories and findings. 

When the young enter into the climate of science, they should benefit from at least 
two resources as gifts of schooling: First, they deserve access to the substance of science, 
a rich, even massive, conceptual structure of cumulative knowledge. Second, they deserve 
opportunities to participate in problem finding and concept seeking and forming — that is, to 
experience the style of science — its particular modes of inquiry and explanation. With 
these twin thrusts in mind, in the 1930s, 1940s, and 1950s, I organized curriculum and 
instruction encouraging the acquisition of advanced, rigorous, structurally organized 
knowledge, along with its companion, originative inquiry. Students solved unknowns 
through commitment to long-term individual probes. 

My convictions about the essential value of originative inquiry programs to high 
school instruction in science grew from my own early experience in scientific research. 

The disparity between school science education and the working world of the scientists 
who taught me when I was young and brought me to the adventure of inquiry was 
apparent I tried to set up a secondary science program close to the reality of working 
scientists and found that certain young — not all — were eager to give it a try. 

At George Washington High School in upper Manhattan and at Forest Hills in 
Queens (both heterogeneous New York public high schools accommodating all students in 
their residential area), I made trial-and-error attempts to develop a differentiated curriculum 
and mode of instruction to give full opportunity to the capacities of a variety of students 
attending a general high school. We outlined the program at George Washington (1937- 
1940), later took it on a dry run there (1942-1944), and then used it experimentally at 
Forest Hills (1944-1954). Our program saw its fullest development at Forest Hills, and I 
was able to offer a first hypothesis (1947), a theory I developed more fully in the ensuing 
years as a result of continuing study (1951, 1955/1981, and 1988). 

In such programs as that conceived at George Washington High and maturing at 
Forest Hills High, the young undertook research-productive, originative inquiry resulting 
in new knowledge, testable and falsifiable by the template of processes and procedures of 
mature scientists. Their achievements, written with the signature of the scientist-to-be, 
reflect the philosophy, the observable behavior, and the methodology of science. 

In a paradigm evoking science talent, the three intereffective elements — students, 
teachers, and the other individuals and entities making up ecologies of achievement — 
support curricular and instructional methodologies that allow self-selection and 
identification through the methods of originative inquiry. These elements cannot be 
considered apart: They are an inseparable, entwined, connected, and intereffective whole. 
The paradigm then describes the "methods of intelligence" (Bridgman's phrase, 1945) 
within the "human ecological structure" (Tannenbaum's phrase, 1983). The behaviors of 
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the scientist-to-be emerge in certain processes and procedures demanded by the 
constructivist experimental mode of originative inquiry and suffused by the processes of 
critical thinking. 

Almost never, in my personal work with some 26 scientists prior to teaching, with 
14 more during the Sputnik crisis, and with the 354 young doing originative exploration 
between 1944 and 1954, did I note their paths following the procession of steps of the so- 
called "scientific method." On the other hand, often with Bruner's "effective surprise 
(1966)," I saw brilliant mental breakthroughs — evidence of methods of intelligence beyond 
the capacity of published tests of creativity. Bridgman made this point decades ago when 
he wrote that the scientist, in attacking a specific problem, suffers no inhibitions or 
precedent on authority but "is free to adopt any course that his ingenuity is capable of 
suggesting to him ... In short, science is what scientists do, and there are as many 
scientific methods, as there are individual scientists" (1949, p. 12). In teaching and 
learning, students may see the limitations of the "empirical approach" (Conant, 1952). 

But scientists seem to value knowing what's wrong as much as what's right: both 
spur them on. 

The young at Forest Hills who presented their experiments in scheduled seminars 
faced penetrating questions not only from the apprentice scientists and their teacher-mentors 
but also at times from visitors from nearby colleges and universities. These seminars 
evoked critical examination of problems, hypotheses, processes, and led to next steps. 

And finally, if the young experimenters wished to present their papers to the Westinghouse 
Science Talent Search, panels of practicing scientists probed their defenses of processes, of 
explanations, of — in fact — the caliber of their thinking. Their papers were at times 
published by the Talent Search, which often folio wed-up with reports on the careers the 
students eventually chose after winning the competition. 

VanTassel-Baska (1984) pointed out that "the Talent Search focuses much more 
sharply than most identification protocols on self-selection or the volunteerism principle. 
The commitment to the Talent Search and to follow-up procedures must be made by 
students and parents in order for the identification to occur" (p. 175). Former Principal of 
Bronx Science, Kopelman, explaining why — of all the awards his students won — he 
announced only the Westinghouse, said, "A young person has to involve himself for a 
prolonged period in a piece of work and then do a research paper on it. Then the work is 
judged by research people. That's very special" (Phares, 1990, p. 53). 

The special science schools, with their students selected for entry by examination, 
and heterogeneous schools, with differentiated programs within a curriculum open to their 
residential populations, did about equally well until the late 1980s in producing Search 
winners and runners up. And, as Search Records amply show, many finalists went on to 
significant careers in science, mathematics, and technology. Their awards include, for 
example, five Nobels, two Fields Medals, and nine MacArthur awards. Seventy percent of 
the winners earned a Ph.D. or M.D. 

In short, select science schools and heterogeneous schools constitute different 
ecologies of achievement, both capable of encouraging significant originative work in 
science. The paradigm of originative inquiry is a way of identifying promise in students 
who might tend in the future to choose a career in science. As such, it deserves a firm 
place in differentiated curriculums in science. 
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My direct observation of the behaviors of the young undertaking originative inquiry 
in the environments of teaching and learning led me to discard the Cartesian concept of one- 
to-one correspondence of cause and effect and to develop a triad as a working hypothesis: 

High-level ability in science is based on the interaction of several factors — genetic, 
predisposing, and activating. All factors are generally necessary to the development 
of high-level ability in science; no one of the factors is sufficient in itself 
(1955/1981, p. 12) 

Originative inquiry calls on general and special abilities. One of the nonintellective 
factors is persistence, which Roe (1953) noted in selected working scientists and I 
(1955/1981), in the young. Tannenbaum (1983) pointed particularly to dedication and 
will. Environmental factors are also important, including, of course, the chance to attend a 
school whose opportunities included originative inquiry. 

If the evidence here supports the studies of Renzulli (1978) and Sternberg (1985), 
both asking for reality-based intelligence tests, as well as Tannenbaum 's (1983) 
psychosocial theory, then producing a work through originative inquiry may well measure 
science talent. Perhaps this finding has broader applications. Perhaps the procedures of 
originative research by adolescents could also indicate talent in other domain-specific fields 
open to originative inquiry. 



Within an Ecology of Achievement — A Conception of 

Science Talent 

Scientific judgments, concepts, and findings of fact must be testable, and thereby 
verified, falsified, or amended through commonly accepted processes within a 
community's structure. Thus, scientists and scholars seek to transmit, correct, conserve, 
and expand the substance of a field to achieve a continuity of cumulative knowledge. The 
community is usually tightly knit, given over to a particular subset of a domain (say, 
astronomy, biophysics, zoology, ecology, organic chemistry, ophthalmology, computer 
science, psychology, genetics, and the like). 

Talent in science is not general Even in the young, it may be centered in biology, 
physics, or chemistry, and later it is almost always shown in works undertaken within 
matrices — often extremely specialized ones — in given fields. Then, as required, the 
findings are communicated to a body of scientists through specific modes: journals, 
associations, and meetings. These procedures are self-energizing: The substance in all 
scientific works coming out of originative inquiry is subject to a well-understood style. 

One of the most striking features of science talent identified in the acts of discovery 
is the scientist’s unrelenting persistence over time. Succeeding generations create their 
works in part through building on prior findings. Scientists stand on the shoulders of 
others even as they stand shoulder to shoulder within the life-sample of a generation of 
discovery. 

In the spirit of Bridgman's "methods of intelligence" (1949), then, this operational 
definition follows: Science talent in high school students is demonstrated in originative 
works rooted in the self-testing and self-correcting code of scientific inquiry. 

The definition stems from the essential methodology of the scientist: Originative 
inquiry leads in its successful end state to a work that encompasses the methodologies that 
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inspirit it — and quarrels with none. This is the premise that has affected practices within 48 
states and a large body of teachers and their colleague-scientists and 50-odd years of 
judging by the many panels of scientists who have evaluated submissions to the 
Westinghouse Science Talent Search. 

Talent in science is unlike that in music, art, or mathematics — where specialized 
aptitudes can be readily recognized in the young (Csikszentmihalyi & Robinson, 1986). 
Science proneness begins, I believe, in the base of a general giftedness and develops its 
component skills in verbal, mathematical, and, in time, the nonentrenched tasks of problem 
seeking, finding, and solving in specialized science fields. Eventually, given favorable 
ecologies, science proneness can shift to an expression in a work showing science talent. 

This definition of talent in science calls for identification through in-context 
evaluation in long-term inquiry without reference to IQ or standardized tests of 
achievement It provides for testing of science talent through a criterion sample of work of 
the young as predictive of their future accomplishments (Feldman, 1974, 1986; 

McClelland, 1973; Renzulli, 1977; Tannenbaum, 1983; Wallach, 1976). 

The following sequence shows a portent of science talent in young demonstrating 
focused high-level ability in both acquisition of knowledge and a capacity for inquiry: 

First, during the early school years, some children exhibit raw, unfocused 
giftedness: Their amorphous potential seems in search of a purposive expression of 
talent 

Second, like others' signs of a preference for music or art, some students exhibit a 
definitive focus towards science. Thus the science prone may shift from showing 
raw ability to demonstrating domain-specific interests, not necessarily excluding 
their attraction to other fields. 

Third, given a choice later in high school (without pretest), such young may select 
themselves for participation in a course of study that calls for rigorous acquisition 
of knowledge and offers opportunity for research-productive originative inquiry. 
Fourth, such young may complete an originative work and submit it to a definitive 
test: The scrutiny of a panel of scientists. 

Such students have a solid conception of themselves, are secure in their self 
constructs, and employ transformative power (Gruber's terms, 1986). They make a choice 
among the potentialities claiming their recognition within self. Further experience may 
highlight other choices — for there are talents still to be discovered in individuals seeking 
excellences as yet unknown or untested. This conception embodies giftedness not as a 
free-floating, generality-seeking definition but as an end state in a domain-specific talent. It 
is easier to measure talent expressed in a work, talent that presupposes a certain giftedness, 
than to try to infer from general giftedness raw traits that will project a specific talent. 

A powerful program of teaching and learning can be — or should be — a 
transforming experience and engage as catalyst the young in the shifting from gifts into 
talent. This conception lies within the postulates of Feldman's stage-shifts in die 
development of talent (1982), Gruber's formulation of "transformative power" (1986) as 
comprising giftedness into creativity, Renzulli's enrichment model (1977), and Borland's 
(1989) and Tannenbaum’s (1989) conception of curriculum as identifier of talent. 

We are not limited by inherited behaviors. Learned behaviors can engender 
connection and interpenetration of seeming opposites; the brain can hold alternatives 
(Bateson, 1979; Toulmin, 1977). Human behavior cannot be posited either as pure 
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hereditarianism or as pure environmentalism; the two mingle inextricably (Gould, 1981, 
among many others). 

In sum: A triad of inseparable factors can result in the expression of science talent: 

1 . students with promising intellective and nonintellective factors (MacKinnon, 
1962; Tannenbaum, 1983) 

2 . teacher/mentors with the high-level abilities and personalities necessary to 
develop the optimum instructional and curricular environment 

3 . the three ecosystems that support necessary curriculum, instruction, and 
physical facilities 

Human talent leaps out of its definition and redefines itself in more formidable 
expression. In time, the community of scholars engaged in research will probably decipher 
the human genome, particularly in its specificity in identifying the DNA components of 
intelligence. In time, the newer insights of the neurosciences will uncover how the 
meshing of physical, chemical, and physiological functions of neurons, synapses, and 
neurohumors function in intellection and how they create a thought, an idea, a letter, a 
musical notation, or a concept In time, scientists will unearth how the three-pound brain 
with its 10 12 or 10 14 neurons and, possibly, 10 24 synapses creates the encompassing 
mind. In time, researchers will develop a social invention that assures equitable access to 
fulfillment of human worthwhileness to unimpeded limits in pursuit of individual powers 
of excellence. 

In time, then, we will see that what seems to remain true longest in the human 
scheme is that the young keep coming. And, in time, one or more of the young — always 
together with one or more of the old — will discover how to do what seems to escape us 
only to the time of its discovery. As long as the young keep coming, a surer conception of 
talent is foretold. As long as the young keep coming, so does the permanent agenda to 
search for superordinate ecologies of achievement. 



My Path to This Study 

Half a century of observation and study of school-communities have led toward the 
conclusions offered here about certain ways of stimulating students prone to science to 
expressing talent in its wide-ranging fields. During those years, I was fortunate in 
opportunities to study both scientists at work and scientists in the making. Generous 
latitude in time and resources for studies of methodologies in scientific research and for 
pertinent observation and testing of curriculum and instruction in schools, colleges, and 
universities allowed me to study in-depth programs and practices for the science prone and 
science talented. 

Over a third of a century, making an average of 36 school visits per year of 
observation and investigation to about 1,000 schools, I clarified the conception that 
underlies this study of the ecology of achievement that is the result of the family-school- 
community ecosystem acting in mutualism with the cultural and university ecosystems. 
Further, through my study of 600 institutions representative of the broad spectrum of 
American schooling, I saw directly the disparities in resources and factors that affected 
curriculum and instruction, teaching and learning, within limiting and enabling 
environments. 
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In the planning and start-up operation of some 93 programs designed to evoke 
science talent, I refined my understanding of the major problems and first solutions in the 
conduct of family-school-community programs for die talented in the sciences and 
humanities in the United States and overseas. 

A distillation of my studies and observations over 50 years comes together on these 
pages. Here are offered certain of the tested, revised curricular and instructional policies 
and practices useful in planning programs for developmental stage-shifts from general 

giftedness > science proneness > an early expression of science talent in the 

secondary school years. 
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Construct I: 

Toward an Ecology of Achievement — An Intereffective Skein of 
Achievement-Centered Environment 

Life changed, as we evolved from an agrarian to a postindustrial society. In the 
preindustrial world, men and women struggled primarily with nature; in industrial society, 
they worked with machines; in postindustrial society, minds contend with informed minds. 
Research strongly suggests that those minds will be best formed and expressed in the most 
favorable environments, a human ecology of education beginning in the home, family, and 
community, but not ending there. 

There would be no need for special differentiated programs for the young, whether 
served or underserved, if prior environments did not intersect with subsequent personal 
development and achievement. Early promise recognized and fulfilled may indeed presage 
high orders of achievement and creativity in originative contributions. 



New Directions: Antecedents to the Postindustrial Environment 

Some years ago, as if in anticipation of an enveloping global crisis. Bell (1973) and 
Ellul (1964) offered evidence of an evolution (a revolution?) in the environment: The 
reigning industrial society, ramified by significant advances in science and technology, was 
giving way to the postindustrial era. Bell particularly noted, for example, new industries 
concerned with the knowledge and processes coming out of biology (in health, genetics, 
and agriculture), chemistry (polymers and nucleonics), physics (solid-state physics), space 
science (satellites and interplanetary physics), and environmental science (global warming, 
damage to the ozone layers, and the effects of pollution). A postindustrial human ecology 
was in the making. 

Bell (1973) emphasized that the antecedents of the postindustrial era he not 
primarily in any one industry. Rather, postmodern industries depend upon the availability 
and participation of literate and numerate people schooled in language and mathematics as 
well as the symbolic languages of physics, chemistry, geology, biology, space science, 
and the like. These industries follow the precedents established by laboratory-based skills, 
attitudes, theory, and practice. Now, prior to 2000, recognition of this fact is stimulating a 
changing ecology of education. 

Nobelist Schultz (1981) noted the economic benefits to society of literacy, 
numeracy, and scientific productivity. Science, according to Schultz is a form of "human- 
made capital" — embodied in its substance and style, in its literature, and in its "productive 
developments" not only in works resulting from a multitude of researches but also rendered 
by certain beneficial technologies. He cited, for example, artificial intelligence, computers, 
additions to food stocks like hybrid com, resources in energy like solar power, advances in 
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communication like satellites, and in health maintenance like pharmaceutical and diagnostic 
machinery. Walberg (1983), in referring to human-made capital, notes: 

To broaden knowledge of it requires the investment of scarce resources — mainly 
the time and effort of people — to gain future returns and satisfactions. The 
improved literacy — scientific, technological, and other kinds — that is the result of 
such sacrifices has been far more important to the industrialization of the West than 
is generally acknowledged. And it [human-made capital] will continue to be as vital 
to the well-being of postindustrial or information societies as it is for low-income 
countries seeking to modernize, (p. 3) 

Scientific and technological sources and all knowledge workers spew out new 
information at a virtually inconceivable rate. Scientific data are thought to double every 8 to 
10 years or even faster, rather than every 15 years as was estimated a decade ago. It seems 
probable that, by the year 2000, 80 to 90 out of 100 workers may engage in service 
industries, leaving a labor force of 10-20 percent working in manufacturing and 
agriculture. This shift in the labor force (affecting old and young) is already apparent 

At the beginning of the century, more than 50 percent of all jobs were in 
agriculture. The next greatest portion of the workforce was in domestic service. By the 
1950s and 1960s, about 40 percent of American workers were in blue-collar occupations. 
By the year 2000, however, less than 15 percent of the population is predicted to be in 
blue-collar jobs; under 5 percent, in agriculture; domestic service has largely vanished. It is 
estimated that nonmanual labor now occupies some 80 percent of the American workforce. 
At present, knowledge workers account for the major part of the national output Displaced 
workers often find it necessary to enter training programs to learn the new skills that may 
equip them to work in the postindustrial era. 

In short the postindustrial revolution is already moving at a fast pace, affecting 
achievement in every facet of life: The schooling and education of the young should help 
them sustain not only burgeoning science and technology but also prepare them to learn the 
new skills necessary to work in the society of the 21st century. The need, then, is not only 
for what has been called the "basics" in schooling but also for the literacies: the early 
development of knowledge and skills in language, science, and mathematics essential to the 
postindustrial ecology. 

We stand witness to three worlds at once. The TV screen brings us visions of 
preindustrial society, as we see men, women, even children, contend with nature in the 
ecology of agrarian society; we also observe industrial societies attending to machines. 

And then, we watch bemused as some of our young take avidly to the technologies of the 
postindustrial era. They engage the new machines; they attend to artificial intelligence; they 
interact with incredible data bases of cumulative researches and floods of information from 
global sciences and technologies. The postindustrial revolution embraces a new intellectual 
environment, one of many opportunities evolving from the infiltration of newer substance, 
structure, and style of teaching and learning. (See Constructs III-V.) 

In offering these new opportunities, educators may seek an environment designed 
to evoke rigorous achievement; they will form an ecology of education evoking enlarged 
human-made capital. 
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An Educational Ecosystem Within the Human Ecology 

A concept of human ecology comprising behavior, development, schooling, and 
education is at hand. Herriott and Hodgkins' study of the resources of schooling's 
environments envisioned them as part of a human ecology "characterized as a natural unit (a 
type of system) that exchanges materials, energy, and information with other living and 
nonliving units in its environment" (1973, p. 21). Hawley (1986) conceived a human 
ecosystem as "an arrangement of mutual dependencies in a population by which the whole 
operates as a unit and thereby maintains a viable environmental relationship" (p. 26). 

Numerous others have discussed and extended the concept, writing of the ecology 
of mind (Bateson, 1972); of the 21st century (new) (Botkin, 1992); of education 
(experimental) and of human development (Bronfenbrenner, 1976, 1979); of language 
(Haugen, 1972); of human[s] (Ingold, 1987); of school renewal (Goodlad, Ed., 1987); of 
achievement (Brandwein, 1981, 1988); of the society (Bookchin, 1980); and of human 
development (McGurk, 1977). 



Basic Factors Undergirding an Ecology of Achievement 

The developmental transformation of an organism from one stage of its life to 
another is a result of the unique interaction of its genes and its environment at each 
moment of its life history. (Suzuki, Griffiths, Miller, and Lewontin [1986], p. 5) 

This widely accepted concept is well-expressed by four researchers noted for their 
investigation of the expression of developmental transformation of traits. In their classic 
study. An Introduction to Genetic Analysis (1986), they present a masterful analysis and 
model of the interaction of gene and environment. Thus, for humans: Compare, they 
suggest, two monozygotic (identical) twins, the product of a single fertilized egg that 
divided and produced two sisters with identical DNA. Say the two were bom in England 
but separated at birth. Suppose one were raised in China by Chinese-speaking adoptive 
parents. The other, in Hungary. The former will speak Chinese; the latter, Hungarian. 
Each will behave in accordance with the customs and values of her environment Consider: 
The twins began life with identical genetic properties, but, in the end, different cultural 
environments produce great differences not only between the sisters themselves but also 
between each child and her biological parents. Suzuki and his colleagues maintain that 
"differences in this case are due to the environment and the genetic effects are of litde 
importance" (p. 5). 

An increasing number of studies suggest that the notion that inherited traits are 
unchangeable or inevitable is no longer acceptable. Studies of hereditary physical 
impairment continue to report amelioration through environmental intervention. For 
example, phenylketonuria (PKU), an inherited condition resulting in mental retardation, 
can be arrested by removal of phenylalanine from the diet in the very young — an 
environmental intervention. The ingestion of lead in the environment can lead to learning 
difficulties. Cases of treatment of genetic impairment through gene therapy are now 
coming to the fore. While full knowledge of the genetic nature of human intelligence 
awaits further discoveries in the mapping of the human genome, it is clear that human 
development, particularly learning, depends upon the intereffectiveness of genetic and 
environmental factors. Mann, 1994, in Science provides a thorough overview of the 
relation of genes and behavior, noting that 

In spite of the remaining contentiousness in this field, there are signs of a growing 
consensus that heredity plays some role in human behavior — a consensus that 
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includes, however grudgingly, those most critical of behavioral genetics. Steven 
Rose of Britain's Open University, co-author of the anti-eugenics polemic Not in 
Our Genes, agrees that genetic influences "exist and are real" — the problem, he 
says, is society's tendency to translate this likelihood into what he calls "neurogenic 
determinism," in which genes determine behavior rather than influencing it in 
concert with personality and the social environment, (p. 1686) 

Mann also quotes Plomin, director of the Center for Developmental and Health Genetics at 
Pennsylvania State University, " 'Research into heritability is the best demonstration I 
know of the importance of the environment' . . . The same data that show the effects of 
genes also point to the enormous influence of non-genetic factors" (p. 1687). Says 
Kendler, a psychiatrist at the Medical College of Virginia in Richmond, "Genes and 
environment loop out into each other and feed back on each other in a complex way that we 
have just begun to understand" (p. 1687). 



Towards an Ecology of Achievement 

At present, our major effort and course of action is congruent with those who seek 
to eliminate limiting environments and, at the same time, to institute enabling ones that 
press the superarching aim of educational policy: To seek both excellence and equity in the 
skein of environments combining schooling and education. 

Gallagher (1984) discussed the world- wide conflict between those who would 
provide for excellence, for equity, or for both. The Great Britain Central Advisory Council 
for Education (1967) suggested an English system that parallels the American policy of 
aiming to create both excellence and equity within schooling. As Gallagher observed (and 
other researches have supported), however, in the earliest years of schooling, equity may 
often call for unequal treatment for children with physical disabilities and, by implication, 
equally so for those with gaps in learning to make the field more equal. Johnson (1962) 
puts it this way: 

Every child has the right to an equal opportunity for an education. This does not 
mean that all children will receive the same or identical educational experiences. 

This means that the educational experiences provided each child will be those that 
will promote learning for him/her in the best way and to the highest degree 
possible, (p. 33) 



Measuring General and Specific Abilities 

The U.S. Department of Education's Office of Educational Research and 
Improvement notes that states using IQ scores as cutoffs in identifying "gifted and talented" 
students "are more likely to have larger disparities among racial and ethnic groups" (1993, 
p. 17). Summarizing various findings, its report on National Excellence cites most 
researchers' agreement that students should not be rigidly labeled and programs should 
emphasize developing children's potential through appropriate experience that allows self- 
identification of abilities. "We can find outstanding talent by observing students at work in 
rich and varied educational settings" (p. 25), according to the report 

The system of developing children's potential becomes also one for discovering 
their promise and talent, that is, a system of discovery, especially of self-discovery through 
growth in powers. 
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Holland and Richards (1965), Richards, Holland, and Lutz (1967), and Walberg 
(1971) found no definitive correlation between IQ scores and achievements and 
accomplishments either in the sciences or elsewhere such as music, creative writing, or 
leadership. Parloff, Datta, Kleman, and Handlon's examination of the achievement of 
Westinghouse Science Talent Search winners' projects as evaluated by scientists found IQ 
measures unrelated to the merit of the works completed (1968). My study of students 
participating in the Search (1944-1954), which paired two groups of 62 students for IQ and 
achievement in science, mathematics, and reading as measured by standardized tests, found 
persistence to be a most important factor determining whether students completed 
originative research or not. Such work seems beyond IQ or, as Fleming and Hollinger put 
it, is "non-IQ derived" (1981). Barron wrote that the individual's level of interest in and 
commitment to the subject matter of his/her field are "almost invariable precursors of 
original and distinctive work" (1969, p. 3). 

Renzulli (1978) posited three areas of expression of giftedness — above-average 
ability, task commitment, and creativity. Within his revolving door identification model, 
students may choose to express their abilities within three enrichment models (Renzulli, 
1977; Renzulli, Reis, & Smith, 1981). The first calls for students' high-level mastery of 
the curriculum; the second for their use of methods, materials, and techniques to do 
research using sophisticated thinking skills; the third, to work in individual and small- 
group investigations that provide opportunity for the development of a creative product, a 
work Thus, intellectual ability appears not only in mastery of a field of interest but also 
through active expression in originative work. 

Siegler and Kotovsky (1986), reviewing the studies of 17 contributors to Sternberg 
and Davidson's Conceptions of Giftedness (1986) described a surprising degree of 
consensus: 

The definitions of giftedness advanced in this volume are remarkable both for the 
degree to which they disagree with this popular stereotype 1 and for the degree to 
which they agree with each other. Csikszentmihalyi and Robinson, Feldhusen, 
Feldman, Gallagher and Courtright, Haensley, Reynolds, and Nash, Renzulli, 
Tannenbaum, and Sternberg all define giftedness as involving multiple qualities. 
These qualities are not just intellectual. All of the investigators argue that giftedness 
involves social and motivational properties as well. All view IQ scores as 
inadequate measures of giftedness. Task commitment, high self-concept, and 
creativity are explicitly mentioned by many or all of these researchers as being 
among the defining qualities of giftedness. (pp. 417-418) 



Interdependent and Interpenetrating Intellective and Nonintellective Factors 

Tannenbaum has noted that 

Keeping in mind that developed talent exists only in adults, a proposed definition of 
giftedness in children is that it denotes their potential for becoming critically 
acclaimed performers or exemplary producers of ideas in spheres of activity that 
enhance the moral, physical, emotional, social, intellectual, or aesthetic life of 
humanity. (1983, p. 86) 



1 That is, that IQ scores reify giftedness or talent. 
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His definition sustains a general consensus to cast the widest net at the onset to be sure not 
to neglect children whose high potential may be all but hidden from view. 

As will be seen, while science talent is generally accepted as existing only in adults, 
aspects of it may in fact be identified and encouraged in adolescents. With beneficent 
curriculum and instruction, in inspirited instructed learning, through the opportunities 
offered for individual inquiries that culminate in originative works, the talent of the young 
to solve unknowns can and does emerge. Thus, a child's tendency for promise in science 
(science proneness) can be identified early in elementary school through programs of 
instructed learning. Then, through the "maturing stage shifts of development" (Feldman’s 
phrase) coming out of further opportunities in originative inquiry, high school students 
may produce empirical expressions of science talent (Constructs IV and V). 



Facilitators of Achievement 

Tannenbaum proposed five intereffecting internal and external factors facilitating the 
expression of giftedness and talent. These facilitators are 

• intellective, as manifest in tested general IQ 

• general and special abilities — the particular capacities and affinities for 
particular kinds of work (in respect to science, capability in both 
mathematics and science content) 

• nonintellective — traits integral to the achieving personality regardless of the 
area in which the talent appears (they include ego strength, commitment to a 
chosen field, willingness to sacrifice short-term satisfactions for long-term 
accomplishment) 

• environmental features of the human ecological structure (home, school, 
and community settings; parents who serve as role models; classroom 
instruction; peers' attitudes; neighborhood resources [presence or absence 
of museums, libraries, and the tike]) 

• luck or chance (unpredictable events in a person's life "critical both to a 
realization of promise and to the demonstration of talents. . . . There are 
many unforeseen circumstances in the opportunity structure and in the 
prevalent life style that can make a big difference in the outlets for gifted 
performance" (1983, p. 88). 

By definition, luck escapes conventional methods of measurement 

Passow had noted the impact of Tannenbaum 's facilitators when they function 
positively in concert in individual performances (1985). On the other hand, the absence of 
one of those facilitators often becomes a limiting factor in teaching and learning. Twenty- 
some years earlier, in his study of architects, MacKinnon proposed, "Our data suggest, 
rather, that if a person has the minimum intelligence required for a mastering of a field of 
knowledge, whether he performs creatively or banally will be crucially determined by 
nonintellective factors" (1962, p. 493). 



The Play of Nonintellective Forces 

American educators generally predicate achievement on the presence of a reasonably 
average IQ (around 100). They tend to assume its importance as a factor in assessing not 
only general ability but also special abilities. But individuals lacking certain nonintellective 
factors do not express these abilities in outstanding achievements. 
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The National Education Goals Panel Reports {Building a Nation of Learners, 1991, 
1992, 1993, and The National Education Goals Report, 1994), without so labeling the 
importance of nonintellective qualities, still note their effect. At various points, the reports 
attribute the "real" performance gap (1991, p. x) between American students and their 
counterparts in other industrialized nations to factors such as "a misplaced sense of self- 
satisfaction" (1991, p. x), "lower expectations" (1992, p. xii) on the part of parents, and 
the importance of "positive attitudes" (1993, p. 6). Even the addition in 1994 of two more 
Education Goals calling for safe, disciplined, and alcohol- and drug-free schools and for 
active parental participation in their children's learning shows awareness of the importance 
of nonintellective qualities. 

Admitting the difficulty of testing unlike populations (see Rotberg, 1990), the 1992 
National Goals Panel Report summarizes "Our achievement scores in mathematics, and to a 
lesser extent science, are below those of most other developed countries. Findings of this 
type have been relatively consistent for over 25 years, despite differences in the manner in 
which these comparative examinations have been conducted" (p. 7). The 1993 Report 
notes that "American 13-year-olds are more likely to do science experiments, to use 
computers, and to have books in their homes than their counterparts in other countries. 
However, American students tend to spend less time doing homework and lead the nations 
in the amount of TV watched" (1993, p. 108). Further, the Report continues, "In 1990 
and 1992, students in higher grades were less likely to have positive attitudes toward 
science and mathematics than students in lower grades" (1993, p. 1 10). 

The Office of Educational Research and Improvement's 1993 report on National 
Excellence offers other examples of important nonintellective factors. It cites a study 
comparing the top 1 percent of U.S. students taking Advanced Placement courses with top 
students in 13 other countries. According to its findings Americans were 13th out of 13 in 
biology; 1 1th out of 13 in chemistry; and 9th out of 13 in physics (p. 9). This showing 
stems not from failure of our young's intellect, according to the report: 

America's top students have the potential to achieve at the same levels as do their 
international counterparts, but our students are not challenged to do so. Top- 
performing students in the United States spend less time in school, spend less time 
outside school doing homework, and are not asked to work with challenging 
materials as often as their peers in other countries. According to several studies, 
more than half of our gifted students fail to achieve in school at a level 
commensurate with their abilities, (p. 11) 

What may be at work is not the lack of intellective abilities but the intereffecting 
conglomerate of nonintellective factors, such as drive, commitment, and environments that 
foster ego strength. With these nonintellective qualities at the baseline, the young's 
application to study can embrace both acquisition of knowledge and readiness to do 
originative inquiry. The "collective message" of Americans' poor performance on 
international tests (although the Report does not fail to note that tests are imperfect 
measures of creativity, leadership, potential, and other "important human qualities") is 
"disturbing: America demands less of top students than other countries do. At the same 
time, our need for the highest levels of skills and expertise is on the rise, many of 
America's most talented students are being denied a challenging education" (1993, p. 12). 

In spite of often discouraging educational environments, some of those gifted 
students, are managing to succeed brilliantly in many fields. The stunning work of many 
of the students who participate in the Westinghouse Science Talent Search, for example, is 
the result of both their intellective and nonintellective skills. So is the achievement of the 
six public high school students who made up the U.S. team in the International 
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Mathematics Olympiad, becoming the first squad in the contest's 35-year history to make 
perfect scores, and thereby defeating the 68 other nations competing (Van Biema, 1994). 

The 1992 National Goals Panel Report points out that "relative to population, the 
United States awards more undergraduate science, mathematics, and engineering degrees 
than France, Germany, and Italy, but 21 percent fewer than Japan" (p. 8). The implication 
appears that, once Americans get to the university, they are challenged to perform. In this 
light, is it necessary to conclude that the nonintellective factors that would make such 
achievement possible are not encouraged by our "system" of precollege schooling? Are 
such qualities lacking both in the students' extraschool environment of home and 
community and in the curriculum and instruction they face within and without classroom 
walls? 



Put another way (as it seems often to be recently), are America's culture and its 
methods in quest of achievement as rigorous as those of other countries? We often 
compare ourselves to Japan in these respects. Too often, however, a nation's ecology of 
achievement is embodied in the regulatory function of a centralized government that reflects 
its culture. Then, the cultural ecosystem dictates the habits and functions of the family- 
school spheres as well as those of the college-university. Japan, for example, does not 
embrace the multiracial, multiethnic cultures that make up the United States. Indeed, 
Japan's arrow of achievement may be the result of the government's singular control of its 
ecology of education, one that can truly be called (in a way that ours emphatically cannot) 
an "educational system" with a singular corporate structure. Thus, Japan's family-school- 
community, cultural, and college-university ecosystems combine to form a rigorous, 
articulated ecology with a thoroughly integrated aim and methodology. 

Former ambassador to Japan, Rohlen, who lived in and appreciates the nation's 
customs and habits, asked in the 1985/1986 American Scholar "Japanese Education: If 
They Can Do It, Should We?" His answer is negative: Rohlen believes that the Japanese 
pattern is not applicable to the United States and could not work in America. We are 
instead required to motivate the considerable reservoirs of rigor present in our ecology of 
achievement 

Husdn (1979) questioned the comparability of international assessment as well. 
Essentially, he argued, tested cohorts of students in the United States are not comparable to 
those of Sweden and Germany because the latter countries' scholastic standards eliminate 
many students whom the community designates as unprepared. While American high 
schools graduate "more than 75 percent, those retaining and completing gymnasium 
(grades 11 and 12) is some 45-50 percent, and in the Oberprimaner (grade 13) in Germany, 
some 15 percent" (p. 97). (The 1993 Goals Panel Report notes an improving high school 
completion rate [87 percent for 19- 20-year-olds and 88, for 23-24]; the dropout rate [for 
16-24-year-olds] has also declined from 14 percent in 1975 to 1 1 percent in 1992 [pp. 40, 
42]). 



In sum, we do find gaps in achievement among the young learning in the different 
ecologies of achievement that reflect individual countries' cultural approaches to schooling 
and education. Certain American beliefs and aims, stated or unstated, differ from those of 
other countries. Perhaps the gaps are not so much in the young's achievement as among 
the ecologies that interact with their intellective and nonintellective traits. Perhaps methods 
of neutralizing environments that cultivate deficiency require the steadying reform of the 
entire intereffecting ecology of education as it reflects a national culture — and its view of its 
place in an era demanding the consistent contribution of human-made capital. 
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Towards an Ecology of Achievement: Intereffecting Endowment and 

Opportunity 

In Identity and the Life Cycle, Erikson considers, among other things, the growth 
of youthful ego-identity accompanied by "successful alignment of the individual's basic 
drives with his endowment and opportunities (1959/1994, p. 94). Further, an "accruing 
ego-identity gains real strength from whole-hearted and consistent recognition of real 
accomplishment, that is, achievement that has meaning in the culture" (p. 95). 

Several reform reports have emphasized that the school exists embedded within the 
community, while significantly enlarging the concept of community as it applies to 
schooling. The Carnegie Foundation, for example, wrote that "Whether a school succeeds 
or fails in its mission depends on the degree of support received from the community it 
serves, both locally and nationally" (1988, p. 41). That is, the success of a school's 
mission depends on the alignment of sufficient opportunities to enhance the endowment of 
all its students, not only the apparent endowment they bring upon entry but also the 
enhanced endowment made possible by the enriched opportunities offered by harmoniously 
functioning family-school-community ecosystems. (See Construct II for a discussion of 
the well-documented fall-off in a variety of such opportunities.) 

The National Commission on Excellence in Education emphasized that the federal 
government has "the primary responsibility to identify the national interest in education" 
(1983, A Nation at Risk, p. 33). The national government, it continued, "should also help 
fund and support efforts to protect and promote that interest. It must provide the national 
leadership to ensure that the nation's public and private resources are marshalled to address 
the issues discussed in this report" (p. 33). These reports and others adhere to a new view 
of the mission of schooling: To serve the culture necessary to the postindustrial era, 
schools should stimulate achievement of young and old to full capacity. But the schools 
are no longer asked to accomplish this task alone (and they should not have been so 
saddled in the past). They are now seen as existing within a wide interrelationship, within 
an ecology of education made up of three interpenetrating ecosystems — that of the family, 
school, and community, that of the surrounding culture, and that of colleges and 
universities. When this ecology works, it becomes an ecology of achievement that aligns 
resources and facilitates endowment and opportunity. 

Such environments in the componented ecology of achievement in teaching and 
learning provide the human and physical resources of information, materials, and energy 
necessary to attain certain essential goals (Herriott & Hodgkins, 1973, p. 1). Namely, the 
schools and community should attempt to fulfill the needs of the young, so they may 
develop their individual endowments by taking advantage of their cultural and educational 
endowments to fulfill their powers in environments furthering growth. To achieve fully, to 
realize their gifts, children require the support of a gifted environment of resources and 
people. 



New Models? New Definitions? 

Lazerson, McLaughlin, McPherson, and Bailey defined the "totality of American 
education" as one in which "the cultivation of an informed and expanded intelligence, the 
enhancement of creative expression and critical thinking, and the development of active and 
meaningful citizenship cross regional, racial, and class lines" (1985, p. xvi). 

In considering the consensus and conflict apparent within the so-called American 
educational "system," Kaestle wrote. 
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The new models will have to accommodate competing identities, intragroup as well 
as intergroup conflict, and a pluralism of conflicts in different dimensions of life. . . 
. What appears to be an American consensus on education is to some extent the 
result of ambivalence, muted conflict, and trade-offs. The American public school 
is a gigantic standardized compromise most of us have learned to live with. (1976, 
p. 396) 

New models of education in America, however titled, however fulfilled in the 
ecologies of achievement they empower, will as a matter of course have to resolve such 
"competing identities" in synergistic activity if they are to focus on children's achievement 
of desired abilities. Ambivalence, muted conflict, and trade-offs may diminish, if the 
totality of American education aims to create an ecology of achievement worthy of the 
superarching future. 



Components of an Ecology of Achievement as a Structure of 
Schooling and Education 

How useful it would have been if countless well-intentioned writers had not tried to 
graft onto the school ecosystem the functions of enormously diverse national cultural 
ecosystems outside the schools but had instead followed what Bailyn (1960), Cremin 
(1980, 1990), de Lone (1979) and others had analyzed as a disjunction between schooling 
and education. Our schools have "succeeded" or "failed" when they have or have not met 
the objectives of the communities that support them, but the American educational system 
has not and could not have failed. 

The American educational system does not yet exist as a national system of 
integrated functions. For example, it is quite possible to find two schools serving about the 
same number of students, one low and one high in assessment of similar objectives of 
student achievement The difference between the two may stem in part from 
disproportionate funding and resources — most American schooling is financed locally, and 
rich communities support schools much more generously than poor ones — that lead to 
unequal facilities and materials. (See Construct II.) It is also the result of differing 
amounts of school support from the other ecosystems undergirding the educational 
ecology — namely those of the community and family, the culture, and the postsecondary 
structure. 



A Synergism of Ecosystems 

The geography and functions of the three ecosystems (defined below in this 
section) will be discussed throughout this study in terms of their instructional, curricular, 
and administrative functions. 

Clearly, the local family-school-community (an ecosystem centered in teaching and 
learning) depends for funds and materials essential to certain critical administrative and 
curricular functions on community, state, and national policies. To thrive, children need 
the interaction and support of not only their family-school-community ecosystem but also 
their cultural and postsecondary ecosystems. 

An ecosystem, of course, may be big or small. The all-embracing world ecosystem 
is the biosphere. Within it are large ecosystems — of desert, forest, or plain, for example — 
and small ones — a wood, a pond, or the artifice of an aquarium. The total so-called 





11 



American "school system" encompasses within it a huge number of local ecosystems 
formed by the combination of families, schools, districts, and their communities. 

The family-school-community ecosystem is the first unit in the ecology of 
achievement that begins to give the young scope for their achievements; however, different 
families, schools, and communities offer different qualities of resources to their young (see 
VanTassel-Baska and Olszewski-Kubilius, 1989). Each family-school-community 
ecosystem, small as compared to that of the culture as a whole but exceedingly numerous 
individually, 2 exists in a kind of symbiosis, each part closely interdependent; if successful, 
this ecological mutualism contributes directly to the healthy development of the learners' 
lives. 

My study of crises in schooling (1981) follows Bailyn (1960) and Cremin (1980, 
1990) in distinguishing between schooling and education. As they did, I used the term 
"educational" ecosystem to define the whole of which schooling is but a component; 
Goodlad calls the similar entity a "cultural" ecosystem (1987). By whatever adjective, all 
these studies emphasize the same large whole of which the family-school-community is but 
one exceedingly important part Bailyn's and Cremin's point that the family-school- 
community is not fully encompassed in the educational system is not always understood, 
however, even with Goals 2000 on America's horizon. One section of the educational 
ecosystem should not be praised or criticized without attention to the others. For the whole 
is larger than the sum of its parts. And the whole is centered unremittingly in achievement. 



Some Early Delineation of the Sectors Within an Ecology of Achievement 

The family-school-community ecosystem primarily attempts to transmit the 
concepts, values, and skills prized by a community enfolding a school to mutual benefit of 
its parts. 

The postsecondary ecosystem continues the formal education begun in the family, 
precollege schooling, and the community. Its entrance requirements influence its 
instructional, curricular, and administrative practices; so does its stance as part of a public 
or private ecosystem. 

The cultural ecosystem penetrates all educational practices that affect and effect 
changes in behavior relating to the achievement of stated goals. These behavioral changes, 
which take place in many environments, may be of habit, of character, of conduct, of self- 
expression, of intellect, of time, or of culture; they occur throughout life and its transitions. 

Such transitions are not necessarily equated with formal rites of passage, such as 
graduations or exits from formal schooling and education, public or private. Thus, for 
example, within the cultural ecosystem, education can occur in environments outside of the 
schoolhouse: In those niches given over to the executive, legislative, judicial, moral 
decision-making functions of home, family, community, state, and nation; in churches, 
synagogues, temples, mosques, and the religious encounters of nonchurchgoers; alone, 
and with peers. Schooling and education can exist in chance or planned encounters; 
through direct experience or through the media (especially TV, that other motivating life); in 
newspapers, books, and magazines; from reaction to failure and success; on the job or at 
leisure; in illness or recovery; from crises generally. Deleterious education also occurs in 
environments that contradict the kinds of achievement praised by the culture by 
encouraging drug abuse and/or criminal activity, the bane of both young and adult. Such 



2 According to recent counts, the United States now comprises about 16,000 school districts. 
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toxic environments, while part of what Bailyn (1960), Cremin (1980, 1990), and Goodlad 
(1987) consider the educational or cultural ecosystem, deliver their messages through the 
school of "hard knocks." 

As noted, the cultural ecosystem also intersects a third ecosystem that comprises all 
postsecondary environments — community and junior colleges, colleges and universities, 
and postgraduate institutions. Both these ecosystems affect the decision-making processes 
of the family-school-community ecosystem, which in turn interacts upon and with the other 
two. Whether acting separately or mutually, both the cultural and postsecondary 
ecosystems contribute significant operating funds for the schools as well as provide rules 
for their use. (Schools, which receive federal, state, and local monies, send their graduates 
to colleges and universities, if those students can meet particular entrance requirements. 
Sometimes, students are awarded scholarships.) As well, the three ecosystems provide 
custom and law governing the practices that determine the modes of articulation of 
complementary ecologies. 



Recent Federal Initiatives 

To achieve the Math and Science Education Goal and to fulfill the aims of the 
America 2000 legislation, the nation will be required to look to the health of its ecology of 
education. That too is the purpose of this study. The Goals 2000 legislation endorses the 
development of national content standards for education and assessments to measure their 
attainment; it also provides funding for states to reform their schools in line with these 
goals. While attending to the needs of all, however, as U.S. Secretary of Education Riley, 
points out, it is also essential to help develop individual gifts (and to provide extra support 
for those with disadvantages): 

More than 20 years have elapsed since the last national report on the status of 

educating gifted and talented students Youngsters with gifts and talents that 

range from mathematical to musical are still not challenged to work to their full 
potential. Our neglect of these students makes it impossible for Americans to 
compete in a global economy demanding their skills. (Office of Educational 
Research and Improvement, 1993, p. iii) 

Secretary Riley calls attention to a failed alignment of endowment with opportunity. 

The crisis in schooling and education affecting achievement of American students, 
particularly in the fields of science and mathematics, has not yet abated. And it is occurring 
in an onrushing postindustrial era that centers in the achievements of numerate and literate 
young, particularly those equipped in the sciences (Bell, 1973). If the opportunities in the 
interconnected environments of the three ecosystems favor the development of the 
knowledges, attitudes, and skills that fit the young for this era, more of them will probably 
participate in its growth. Hence, the vital need for broader opportunity for self- 
identification of potential and self-discovery of desired paths to fulfillment of personal 
endowment. This need calls for an alteration in the current ecology of education in line 
with the model of the ecology of achievement and other inventions in instructed learning 
defined in Constructs ni-V. 



Construct I Implications 

The urgency of the postindustrial era has shaped our aims and ends for the 
restructuring of schooling and education. To cope in thought and action with the incredible 
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changes that may be but preliminary, an ecology of achievement (by whatever name) 
furnishes a model with which to think. 

Achievement as accomplishment and as one goal of life and living, however, is not 
a naive concept. Such an aim dictates that individual endowment aligns with opportunity 
for fulfillment of individual powers in the pursuit of excellence. Note, these powers are 
both intellective and nonintellective. Gifted students require an environment gifted in its 
support of all young; at the beginning no one can foretell what giftedness may be evoked in 
enabling environments that supersede early experiences flawed by interaction with 
inadequate ecologies (see Tannenbaum, 1983). 

An observable model of an ecology of education — not an organized nationwide 
educational system — appears to exist in the United States. The structure of this ecology 
comprises three ecosystems through which humans and environment interact, through 
philosophy and practice, to initiate the young through schooling and education into the 
culture. If these three ecosystems (in the thousands throughout the land) of family-school- 
community, culture, and college-university live in mutualism, they lock in an ecology of 
achievement The family-school-communities embrace similar niches mostly concerned 
with teaching and learning to catalyze the growth of the young both in their intellective and 
nonintellective capacities. In contrast, the larger cultural ecosystem comprises dissimilar 
niches, which also educate; these, for example, include governments, other public and 
private institutions and organizations, peers, TV, and other media. The third includes 
proprietary institutions and colleges, universities, and postgraduate schools. The latter two 
ecosystems form what can be a chancy ecology, where achievement depends not only upon 
intellective factors but also on nonintellective components such as individual initiative, 
persistence, environment (including level of prosperity or poverty), and luck for 
advancement into a career or a profession. 

Both cultural and postsecondary ecosystems affect the family-school-community 
ecosystem and, thus, the eventual career choices of the young. One may speak of an 
educational system in certain countries — Japan, for example — because a general policy and 
practice in the schools throughout the country guide uniform aims and emanate from a 
central governing structure. Japan's civilization can also be seen as a cultivated cultural 
ecology. Similar structures guide schooling and education in many Mideastem countries, 
in Europe, and in South America. In the United States, in contrast, we have an ecology of 
education, which — if it works — becomes an ecology of achievement. 



Towards a Steadfast Ecology of Achievement 

Granting the assumption that some young take the challenge of limitation and 
overcome it, most research emphasizes that supportive environments, particularly those 
from childhood through schooling, are essential in preparing the young to pursue and fulfill 
their special competence and performance. 

Thus, through the triumph of persistent, intelligent advocacy, all 50 states have 
formulated legislative policies that support educational programs for the gifted and talented 
(Passow & Rudnitski, 1993). This trend shows a welcome advance in structuring an 
ecology of achievement, but such programs may be insufficient to serve the events of the 
future. The greater victory would be for policies supporting educational programs that, 
from their inception are pervasive, in reaching all the young. Policies like these would aim 
to help all children pursue their personal excellence without prejudgment through 
assessment of intelligence and/or ability. 
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It seems necessary, then, to forge programs where instructed learning becomes, 
first and foremost, a system of discovery of abilities through achievement, through the self- 
identification of capabilities by all the young in their increasing variety. Envisaged and 
conceivable are such programs that will validate themselves as a means of natural 
assessment of growth in science talent. When endowment projects itself in enriched 
opportunity through doing science, through performance, die young will find their own 
capabilities, learning how to learn and to discover for themselves and revealing portraits of 
intellective and nonintellective abilities. Science potential may then be discovered or 
confirmed not only through performance in programs in instructed learning, not only from 
the varieties of evidence gleaned through assessments of science proneness and talent, but 
also — and most importantly — through the originative work that is their criterion sample. 
Constructs IH-V will develop strategies and tactics for creating a program of discovery, 
through self-identification, of science proneness and talent through instructed learning. 

First, however, it is necessary to banish the vestiges of failed ecologies of 
education. Construct II describes such limitations, which have hampered our capacity to 
furnish the opportunities necessary to build a system that encourages the discovery of 
science talent, one that aligns endowment with opportunity. 
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Construct II: 

Limiting Achievement — Environments Unfavorable to Self- 
Discovery of Science Proneness 

Generally speaking, it seems reasonable to assume that the effectiveness of an 
ecology of education would — or should — be judged as to whether it were an ecology of 
achievement after the generation who learned in it has affected life and living. Instead, 
some try to predict the future contributions of the young during their years of instructed 
learning according to their performance on generally accepted measures of achievement 
such as standardized tests. 



The Syndrome of 10: Accounting for the Crisis 

In 1983, the National Science Teachers Association's Yearbook summarized a 
crisis in instructed learning in science. Its analysis is still cogent: Research into the 1990s 
shows that it described a state of affairs in science education that largely continues. The 
Yearbook's conclusion: "A wide variety of writing and reports, current projects, and 
research converges in a characterization of current science as plagued by 10 common 
recurring problems." [They follow:] 

1 . The textbook is the curriculum. 

2 . Goals are narrowly defined. 

3 . The lecture is the major form of instruction, with laboratories for verification. 

4. Success is evaluated in traditional ways. 

5 . Science appears removed from the world outside the classroom. 

6. A shortage of science and mathematics teachers has led to the widespread 
use of un- and underqualified teachers. 

7 . The outdated curriculum neglects the needs and interests of most students. 

8 . Current science instruction ignores new information about how people learn 
science. 

9 . Supplies, equipment, and other resource materials are severely limited or 
obsolete in most science classrooms and laboratories. 

1 0. Science content in the elementary schools is nearly nonexistent. (National 

Science Teachers Association, 1983, pp. 4-1 1 with supporting descriptions) 



Confirming Studies 

The National Science Teachers Association's findings are substantiated by much 
other data, including a synthesis of four massive studies made after the first litmus tests of 
the early 1970s: (a) Helgeson, Blosser, and Howe (1977) summarized the status of 
precollege science in the years 1957-1975; (b) Weiss (1978) surveyed teachers, 
administrators, supervisors, curriculums, course offerings, teaching methods, support 
services, and demographic information in the 1977 National Survey of Science, 
Mathematics, and Social Science Education; (c) Stake and Easley (1978) reported 1 1 case 
studies of schools representing different types of communities; and (d) the National 
Assessment of Educational Progress 3 (National Center for Education Statistics, 1992) 



3 According to the National Science Board (1993), the National Assessment of Educational Progress has for 
almost 20 years been the federal government's primary indicator of student achievement That the tests are 
"low stakes" has caused some observers to question whether student motivation to succeed was high (pp. 4- 
5). This concern further reflects awareness of the importance of nonintellective factors in achievement 
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noted that students' interests in science decreased between the third and seventh grades, 
and declined further between the seventh and eleventh grades. 

Among the National Science Teachers Association sources was the National 
Science Foundation's Project Synthesis (1978). Its more than 2,000 pages gathered and 
interpreted information from three Foundation status studies and the National Assessment 
of Educational Progress reports. The general research procedure characterizing Project 
Synthesis was the discrepancy model used for qualitative research. Basic to this design is 
the development of ideal-state conditions, compared with description of actual states. 
Discrepancies are then identified, making possible recommendations for future decision 
making and revisions. 

Other researches done in the 1980s note symptoms similar to those listed in the 
syndrome of 10. Studies by Yager (1980a, 1980b, 1982a, 1982b), the comprehensive 
Roundtable Report (1987, summarized below), and the masses of observations and data 
presented in the Triangle Coalition for Science and Technology Report (1988) summarized 
a lack of effective instruction and curriculum in science. The reports asserted that, because 
instructed learning is flawed, achievement is seriously below standard. That situation, 
according to the National Science Board's most recent Science and Engineering Indicators 
(1993), while showing some spotty changes, has largely remained the same. These 
findings will be reported in the next section. 

In 1984, scientists, engineers, administrators, and representatives from 
government, universities, and industry gathered for a Govemment-University-Industry 
Research Roundtable designed to explore ways "to improve the productivity of the nation's 
research enterprise" — the foundation of its human-made capital. Its subsequent report. 
Nurturing Science and Engineering Talent (1987), suggested ways to stimulate actions to 
enhance the achievement of the young in science and mathematics and thus to increase the 
number electing to pursue careers in such areas. Implicidy, the Roundtable defined science 
talent as high-level achievement in science. Nurturing Science and Engineering Talent 
noted the six following hurdles to such progress. 

1 . The early years are critical: "By grade 10, four-fifths of students are already 
lost to the science and engineering talent pool judging by expressions of 
interest in mathematics, science and engineering careers" (p. 25). By grade 
10, most students have taken the often required two years of science 
(general science and biology). After sophomore year, considerable 
dropouts occur: Before 1987, less than 20 percent of juniors and seniors 
took both chemistry and physics. In 1989, however, 45 percent were 
taking chemistry and 20 percent, physics. 

2. "By the 10th grade, boys are three times more likely than girls to express 
interest in mathematics, scientific, and engineering careers" (p. 26). 

3 . "Low socioeconomic status plays a major role in the underrepresentation of 
minorities." Parental educational attainment, occupation, and income is a 
strong influence at this stage, affecting values and formal and informal 
educational activities that have a major impact on the development of 
children's interests and abilities (p. v). 

4. "The central aptitude that tends to separate the scientists from nonscientists 
is mathematics knowledge" (pp. 130-131, Rever, 1973). Sells (1978), 
reporting on mathematics preparation as a "critical filter" to science careers 
for minorities and women, noted lower levels of participation in higher level 
nonrequired mathematics courses by White females and all Black teenagers 
among samples of high school students in California and Maryland. The 
consequences of choices and/or opportunities that result from high school 
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course-taking behavior can effectively limit career choices in college. 

Tobias described a similar flight from mathematics among many able college 
women (1994), although she found that undergraduate women already 
committed to science and engineering fields tend to be, unlike their sisters in 
the humanities, unafraid of math. 

5. "Major losses to the science and engineering talent pool occur during the 
college years" (p. 29). The Report estimates that, by college graduation, 
only 35 percent of the seniors who planned on science, engineering, and 
mathematics careers have stayed with their plans. The Roundtable notes 
that this dropout rate needs increased attention: Both university curriculums 
designed to weed out and to nurture students need examination, as well as 
the extent of interaction between students and senior faculty. 

6. "The long- and short-term earning prospects of different occupations do 
influence what majors students choose" (p. 29). 



Consistent Patterns 

A curious relationship between the reforms of 1952-1962, which peaked when 
Sputnik appeared in orbit around the planet in 1957, and those of the present is that both 
movements defined the problem in terms close to those summarized in the syndrome of 10. 
Today's discussions try to solve the same kind of problems with which the Physical 
Science Study Committee (PSSC), the Biological Sciences Curriculum Study (BSCS), and 
Chemical Education Materials Study (CHEMS) wrestled 30-40 years ago. 

It is instructive that all these groups of science education reformers — in the 1950s, 
1960s, 1970s, 1980s, and, now, the 1990s 4 — were and are primarily concerned with 
parallel goals. To neutralize the syndrome of 10, they all sought to 

• build an environment based in inquiry teaching in all the sciences 
throughout the school program and to create the foundation essential to a 
conceptual approach 

• meld the kind of inquiry-based teaching and learning that would help the 
young establish the ladder of concepts necessary to foresight and 
understanding of modem science 

• update science knowledge and obtain the resources necessary to main tain 
inquiry teaching characteristic of science particularly through uses of 
laboratory and field study 

• provide curriculum and instruction for all young in science, including 
different options for the science prone and the science talented. 

The syndrome of 10 applies not only to crises in science education but also to 
flawed recurrent practices in instructed learning in other areas of schooling. This 
hypothesis seems worth research: A drift of schooling and education into a similar 



mention just a few federal initiatives: The Department of Education's Office of Educational Research 
and Programs for Elementary and Secondary Education (particularly, in recent years) through the Eisenhower 
Program for Mathematics and Science Education, the National Science Foundation's Statewide Systemic, 
Urban, and Rural Initiatives, the National Academy of Sciences/Smithsonian's National Science Resources 
Center, and the National Research Council's work on developing standards for science in the same vein as 
the National Council of Teachers of Mathematics's ground-breaking work in math. In addition, the National 
Science Teachers Association and the Am erican Association for the Advancement of Science are both at 
work on new precollege science curriculums. 
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syndrome could serve as an early warning system of a failing environment in instructed 
learning. 



The Syndrome's Ramifications in Instructed Learning 

The limiting environments described in the syndrome were and still are pervasive. 
Goodlad's A Place Called School (1984) called attention to the decline in facilitating 
environments in schooling. So did Sirotnik's (1983) study, based on data gathered from 
many classrooms in 13 elementary schools, which also were part of Goodlad, Sirotnik, 
and Overman's "Overview of a Study of Schooling" (1979). Sirotnik found that "there is 
little variety in teaching practice across the country ... the majority of class time is spent in 
teachers lecturing to the class or students working on written assignments." He reported 
that teachers out-talked students by a ratio of nearly three to one (p. 20). Sirotnik estimated 
that on average "just under 3 percent of the instructional time that the teacher spent with 
students involved corrective feedback (with or without guidance). At the secondary level, 
this estimate is less than 2 percent" (p. 19). 

The situation is not new, and it has not everywhere changed. Stevens' tum-of-the- 
century four-year study of secondary school teaching revealed that science and mathematics 
teachers generally followed the processes of teacher talk and reading the textbook (1912). 
Hoetker and Ahlbrand (1969) and Peterson and Walberg (1979) also emphasize the 
dominance of lecture. 

During my three decades of observations of science programs within the 
curriculums of a sample of 600 schools, I found 122 classes in high school physics and 
chemistry where teachers generally out-talked or over-directed students by a ratio of over 
four to one (three to one in both biology and general science). In physics and chemistry, a 
teacher often demonstrated an "experiment" by setting up equipment as students attended 
both to empirical method and result; questions by the teacher, at times by students, 
sometimes accompanied the lecture. Other times, s/he illustrated a problem's solution, 
made several assignments for the students to do in seatwork, and then directed students to 
demonstrate their findings and explain their work at the chalkboard. One laboratory period 
per week, its conclusion foretold in manuals, was general in about 60 percent of the c las ses 
I observed; one every two or three weeks in the rest. In any event, the lecture-textbook, 
laid-out laboratory approach was followed in most courses, particularly those in college 
preparatory programs. There, the lecture mode was deemed useful partially because it is 
modeled after methods often used in college and university ecosystems. 

The responses of many of the reformers of the 1990s suggest that not much has 
changed in the past decade. But there were exceptions then, and there are now. In 130 of 
the 600 schools I observed between 1951 and 1981, 1 found teachers avoiding straight 
lecture in biology and chemistry classes. Such teachers engaged in laboratory study, 
demonstration, discussion, and interaction in inquiry-centered instruction in well-devised 
facilities. Their schools were ecological oases of achievement that enabled the expression 
of science proneness. Sirotnik also emphasizes the exceptions to an often lackluster 
landscape, stating that "It would be a grave mistake to interpret what I have reported and 
commented upon as an indictment of teachers and schools. There are exceptional schools 
and teachers quite atypical of the aggregated profiles presented here" (p. 29). He stresses, 
however, that pervasive changes will require restructuring societal values and priorities, 
quoting observation that "Education springs from the interplay between the individual and a 
changing environment . . . [namely through the links among] schools, colleges, 
universities, and the communities that surround them" (1974, p. 13). That is, through the 
interaction of the young in environments that form an ecology of achievement 
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In view of the syndrome of the deficiencies of the teaching and learning 
environments whose recognition labeled the crisis late 1970s, it is not surprising that the 
National Assessment of Educational Progress continues to report deficiencies in science 
achievement (as measured by its criteria) as well as a fall-off in effective programs 
(National Center for Education Statistics, 1991a). 

In 1993, the National Science Board summarized the Educational Testing Service's 
trend analysis of the results of the 17-year mathematics and 20-year science National 
Assessment of Educational Progress. Although mathematics achievement seems to be 
generally improving, the summary shows ups and downs in science that do not reveal a 
clear pattern. For example, the average mathematics proficiency scores for 9-year-olds 
showed gains since the 1970s, especially between 1982 and 1990. Seventeen-year-olds 
decreased their scores between 1970s and 1980s "and then by 1990 regained the ground 
they had lost" (p. 4). The average proficiency scores for "students at age 17 continued to 
drop until 1982 — a 22-point drop over the period — then regained some ground. Their 
scores in 1990 remained still significantly below the 1970 level (15 points)"(p. 5). 



Inequality in Funding 

Underlying practically all analyses of the effects of limiting environments in 
schooling is the matter of resources, namely funding. Resources and materials are 
especially crucial in science where laboratories, equipment, and perishable materials of 
instruction play an essential part This sets aside, for the moment, the need for teachers 
well-educated in various disciplines — biology, chemistry, physics, geology, space, and 
environmental sciences. 

The Educational Testing Service study (1991) from which the figures reproduced 
below are taken not only points out inequality in funding but also strongly implies that 
undersubsidized programs are unlikely to help students reach optimum levels of 
achievement. That study. The State of Inequality, shows that, in 1989-1990, the average 
per pupil expenditure (adjusted for cost of living) ranges, in the top 14 states from $5,000- 
$7,000, to, in the bottom 14, from $3,000- $4,000. The ratio of differences in 1986-1987 
between high and low average expenditure per pupil shows that some states spent as much 
as three times as others. (See Figure 1.) 
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Note: Adjusted expenditures are unavailable for Alaska and Hawaii because of unique factors involving climate and 
transportation. 



Reproduced with permission from The State of Inequality, Policy Information Center, Educational Testing Service, 1991. 



Figure 1. Average Expenditure per Pupil, Adjusted for Cost-of-Living, 1989-90 



But the 1988 education expenditures also vary when they are computed as a percentage of 
personal income: For example, Utah, low in average pupil expenditure is near the top in 
expenditures of personal income. (See Figure 2.) 
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Reproduced with permission from The State of Inequality, Policy Information Center, Educational Testing Service, 1991. 



Figure 2. Education Expenditure in 1987-88 as a Percent of Personal Income in 1988 

And funds are not unequal merely state by state. They also vary district by district, county 
by county, and school by school. 
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The differences in expenditures in a number of states, cities, and districts are related 
to the availability of resources for study in science and mathematics — laboratories, 
equipment, and other instructional materials, replacement textbooks, funding for field trips, 
and the like. Different expenditures also affect the teacher-student ratio; in one state it 
varied from 13 to 30 students per teacher depending on the wealth of the district In some 
states, average salaries (rounded) for teachers ranged from $28,000 in the richest districts, 
to $22,000 in the middle group, and to $20,000 in the poorest areas. 

The Educational Testing Service (1991) study recounts events in a number of 
states, particularly Kentucky, where differences in funding were found unconstitutional by 
state courts. In compliance, Kentucky instituted funding reforms to assure not only equity, 
but also to improve practices to reform curriculum and instruction. Some states, however, 
are contesting court directions to achieve fairer funding. The Educational Testing Service 
notes that, "So far the national education reform movement has not directly addressed the 
wide disparities in resources applied to educating America's children and youth." It 
wonders, "For the year 2000, will a student be considered an educational citizen of just a 
school taxing district, or of a whole state, or of a nation?" Litigation on this and related 
matters is ongoing in 21 states, and "it is hard to predict where it will take us by the year 
2000" (pp. 20-23). In an attempt to correct glaring inequities in funding among school 
districts resulting from education's property tax base, (some of them described in Kozol, 
1991), Michigan has abolished this base and is experimenting with replacing the lost $6 
billion by levying other kinds of taxes. 



An Initial Effect of Inadequate Resources 

Other parts of the Educational Testing Service's study, such as one of the resources 
available to teachers of eighth-grade mathematics, asked how well they were supplied by 
their "school system" with the "instructional materials and other resources they needed to 
teach their classes." The study reports that, as teacher perceptions of the inadequacy of 
resources increased, proficiency scores decreased (p. 14). Gaps in the ecology of 
achievement? The Educational Testing Service quotes the National Assessment of 
Educational Progress, however, as asserting that assessments of instructional resources are 
less likely to be available in poor districts and disadvantaged urban districts (1991, p. 2). 

The presence and use (or their lack) of computers are critical indicators of adequate 
resources because computers are essential in the postindustrial ecology of education, 
particularly in schooling. At the moment, according to a 1993 survey by the National 
Education Association, classrooms "lack the most basic technologies found in office 
environments" (p. 1). Only 12 percent of teachers even have telephones in their rooms, 
and although, 90 percent have "access" to computers, only 52 percent have one in their 
classroom. The summary continues: Teachers at more affluent schools had access to a 
modem, unlike 36 percent of teachers in middle-income and 30 percent of teachers in low- 
income communities (pp. 1-2). 

About three-fourths of the teachers surveyed saw tight budgets as the reason they 
could not make better use of technology. Other obstacles include lack of 

• training (53 percent) 

• software (48 percent) 

• technical support (46 percent) 

• sufficient wiring (37 percent) 
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The survey also reported that the richer schools are more likely to provide a "high- 
tech environment" than the less affluent and that nearly two-thirds of teachers use 
mimeograph or ditto machines rather than photocopiers. Nonetheless, about a third of 
teachers (and half of those in high-tech schools) believe that their teaching effectiveness has 
improved "very much" because of technology. 



Gender Discrimination 

A 1992 study for the American Association of University Women's Educational 
Foundation concludes: "We can no longer afford to disregard half our potential scientists 
and science-literate citizens of the next generation." Among other data, the study cites a 
finding that "64 percent of the boys who had taken physics and calculus were planning to 
major in science compared to only 18.6 percent of the girls who had taken the same 
subjects." The implication from studies cited is that "girls rate teacher support as an 
important factor in decisions to pursue scientific and technological careers" (all quotations, 
p. 4). Oakes (1990) offers further evidence of gender discrimination. 

A 1994 issue of Science containing a special report on issues confronting women in 
science internationally (unfortunately, few comparative data have been collected) offers "a 
beginning" discussion and "some surprises" (Benditt, 1994, p. 1467). Among the latter is 
the relatively good experience of women scientists in Italy, Portugal, Turkey, and the 
Philippines compared to those of their colleagues in the United States, Great Britain, 
Germany, and Japan. One important aspect of the Italian experience could have useful 
implications in schooling in this country: 

Tradition 5 is helpful, . . . but it is not the decisive factor. A more powerful 
influence ... is the Italian system of schooling. "Girls are not discouraged from 
taking math and science," says nuclear physicist [Francesca Bombarda]. In fact, 
she says, "we never got the choice." In Italy, high school girls don't have the 
option of dropping out of math and science — and thereby foreclosing a science 
career — because those courses are required for everyone. Bombarda says in Italy 
many girls who might not otherwise have considered a career in science develop 
interest during high school — at a time when many girls in the United States have 
long since stopped taking science courses, (p. 1481) 

A recent publication by Orenstein (1994) in collaboration with the American 
Association of University Women also underscores the importance for U.S. females of 
having confidence in their mathematics and science skills. Females who succeed in these 
subjects do not seem to devalue their abilities during adolescence as, the study documents, 
do most of their peers. 



5 In a "key historical work,” Women in Science, Mozans (1913) noted that: 

Italy boasted a history of female intellectual achievers dating back to the middle 
ages. Women were allowed to attend the first Italian universities from their 
inception during the Renaissance. 

From those universities emerged a handful of acclaimed female academics, 
including a prodigy and mother of 12 children named Laura Bassi, who in the 
mid-1700s was awarded a chair of physics at the University of Bologna, as well 
as a place in the prestigious Academy of Science at Bologna, (p. 1480) 
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An Unrepresentative Teaching Force 

According to figures analyzed by the Horizon Institute (1989), most elementary 
school teachers are women (who teach science along with other subjects), and most high 
school science and math teachers are men, although the 1970s and 1980s saw a substantial 
decrease in the proportion of male science and mathematics teachers. And, while about 30 
percent of students are minorities, less than 15 percent of their science and mathematics 
teachers are. By the year 2000, however, approximately half of the student population will 
be members of minority groups, according to the Task Force on Women and Minorities in 
Science and Technology (1988). 

Given the changing demographics of the student population and of the teaching 
force in general, the underrepresentation of minority science and mathematics teachers may 
become more severe, and the result is likely to be a scarcity of teachers with whom the 
young have affinity in gender and race. 



Underpreparation of Elementary School Teachers in Science 

Research shows that children spend little time in elementary school learning science 
(factor 10 in the Syndrome). For example, Tressel (1988) stated flatly: "For all practical 
purposes we do not teach any science in elementary school; one hour a week doesn't 
count" (p. 2). Tobin and Jakubowski (1989) criticize the use of lecture, noting that 
"knowledge is piped from the teacher to the student." There are a large number of studies 
of the generally inadequate state of elementary science teaching in the 1970s and 1980s, 
including Brandwein (1981, 1987), Duschl (1983), Gabel and Rubba (1979), Gerlovich, 
Down, and Magrane (1981), Manning, Esler, and Baird (1981), McNairy (1985), 
Mechling (1983), Shrigley (1974, 1976, 1977), Westerback (1984), and Walsh and Walsh 
(1982). 



The condition is serious. Among other researchers, I put forth the concept that 
early instructed learning can offer children opportunities to identify their interests and 
possibly influence future choices. (See Brandwein [1987] and Construct HE of this study. 
Also consult the National Science Board Indicators [1993] [pages 43-44]; Murphy [1961, 
p. 139]; Rakow [1985, p. 154]; Roeper [1989], the National Assessment of Educational 
Progress reports [National Center for Education Statistics, ca. 1972-ca. 1992], and the 
National Education Goals Panels Reports [1991-1994].) 

The effect of early instructed learning on children's aspirations is as applicable to 
science as to other fields. A course for primary school teachers organized by University of 
California, San Diego, biologist Paul Saltman sprang from concern about the situation in 
elementary school sciences. Taught by University research scientists and attended by 102 
elementary school teachers, the course revealed both how important and how possible it is 
to make science happen early. When the course began in 1988, Saltman asked the teachers 
enrolled, "How many of you had one year of college science before beginning to teach?" 
Eight out of 102 raised their hands. These teachers were avoiding science, teaching it an 
average of 20 minutes a week, and expressing their "loathing and fear" of the subject 
Three years later, after the laboratory experience in science that Saltman organized with the 
help of his colleagues, the teachers were offering an average of 40 minutes of science each 
day. Saltman attributes this change to an increased "comfort zone of knowledge." The 
Washington, DC-based National Science Resources Center is thinking of widening the 
Saltman project nationwide (Barinaga, 1991). 
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